INTRODUCTION

IN
THE biological literature of the past two decades the term polymorphism has been applied usually to one or the other of two almost completely separate phenomena. In genetics it is defined as the condition of two or more distinctive and discontinuous genetic types existing in a population (Ford, 1940) . In the study of social insects it is defined as the existence within an individual colony of two or more phases or castes belonging to the same sex, without particular regard to their genetic or environmental origin.
On the basis of usage by specialists on all groups of social insects a caste is properly denned as a differentiated morphological form with a specialized function, or at least the infrequent relict of such a form. It has been the practice of some entomologists to consider all abnormal, recurrent variants as castes and part and parcel of the species' colonial polymorphism. Actually, these cannot be considered apart from similar variants in non-social insects, and their inclusion obviously breaks down the original meaning of polymorphism by neglecting its relation to social organization.
The following paper is an attempt to summarize our existing knowledge of polymorphism in ants and to reinterpret it in terms of the hitherto unap- (Gosswald, 1933; Haskins and Enzmann, 1945; Ledoux, 1950) and need additional investigation, but they are still explainable on the basis of genome duplication or the failure of meiosis, and may not form exceptions to haplo-diploidy.
The preponderance of evidence at the present time indicates that queens and workers are genetically similar and that the caste of an individual female is determined by the food given it as a larva. A miscellany of experiments over the past sixty years has always seemed to show that starved larvae tend to produce ordinary workers (minors), while well-fed larvae produce majors (soldiers) or queens (Light, 1942 (Light, -1943 . However, nearly all early work of this nature included no controls and was based on very small samples, so that most of the critical evidence is carried in the independent studies of three recent workers, R. E. Gregg, M. V. Brian, and A. Ledoux. Gregg (1942) (op. cit.) has pointed out. The efficiency of the majors as nurses was not determined, the adult mortality of most of the colonies was such to suggest abnormal conditions in the artificial nests, and the highly critical matter of larval mortality was not discussed at all. But while Gregg's data are not of a nature to allow interpretation of the exact trophic factors involved, they do strongly suggest that the destiny of an individual Pheidole as a minor or a major is decided during the larval period.
M. V. Brian's recent preliminary report on caste determination in Myrmica rubra L. (1951) is the most illuminating to appear on the subject to date. Myrmica rubra larvae hibernate in the third stadium, and in the spring those which are able to reach a critical size of about 6.5 mg. by a certain time (unspecified by Brian) are able to attain queenness, while those below this size become workers. The queen-potential larvae must then reach another critical size of about 7.0 mg. before pupation in order to become normal queens.
Brian states that "it is necessary to suppose that an extra impetus to growth is given to queen determined larvae and withheld or actually withdrawn from those which fail to secure induction." Wheeler, 1937) observed in an Atta cephalotes colony that two of the larger larvae were actually segregated from the smaller larvae and fed more frequently by the adults, which were evidently attracted by their abundant fatty secretion and vigorous supplicatory "pouting" movements In his studies on Oecopkylla longinoda (Latreille), Ledoux (1950) (Bhattacharya, 1943; Ledoux, 1950 (Buckingham, 1911; Lee, 1938 (Teissier, 1937; Yasumatsu, 1946) . Curvilinear regression on log-log plots has been ob-tained in scape length against head width in Atta texana (Fig. 7) and in mandible length against head length in Orectognathus versicolor Donisthorpe. It may be of significance that similar curvilinear trends have been found in the rostrum and mandible lengths of several genera of fish (Reeve and Huxley, 1945 As in similar studies on other holometabolous insects, measurements are always taken from permanently formed imagines and therefore do not involve ontogenetic growth directly. Huxley (1932 Huxley ( , 1945 This peculiar cephalic bond occurring between the queen and worker defies physiological explanation at the present time. Allometry ordinarily is a relationship which can be drawn between any two parts or dimensions of the body, and the equilibrium constant is in theory most simply derived as the ratio of two specific growth rates. The queenworker cephalic allometry clearly shows that relative growth of a different nature operates in ants.
The alitrunk displays allometric variation which presumably has become diphasic and then dimorphic, although retaining the diphasic potentiality. The head has taken a different course, retaining monophasic allometry which is correlated with thoracic allometry only as this appears secondarily in the worker. This means that the various dimensions of the head which make up its shape and structure are actually related to the rest of the body only as this determines total head size and not as its constituent parts vary allometrically.
Yet even more extraordinarily, there remains one set of cephalic structures, the ocelli, which often varies directly with the body and independently of the rest of the head. All three ocelli are present and fully developed in all size classes of workers in Myrmecia and in a few other, scattered groups of ants, such as some Pseudomyrmicinae, the cerapachyine genus Neopkyracaces, and many formicine genera. In most ants, however, the 150 THE QUARTERLY REVIEW OF BIOLOGY queens possess the three ocelli and the workers possess only one (the median) or none. That this is not an allometric character related to the head is seen in certain polymorphic species which have majors surpassing in head size the queen. In these, including many Pogonomyrmex, Messor, Orectognatkus, Pheidole, Pheidologeton, and Camponotus, the queen head shape fits approximately the worker regression lines, but the media and major forms around and above the placement of the queen in these lines possess at the most only one ocellus.
The most logical conclusion which presents itself is that the two posterior ocelli develop because of an influence, perhaps hormonal, which somehow originates from the massive bulk of the queen's body. The occasional appearance of the median ocellus in the upper segment of the worker allometric series indicates that either the total size of the body or some part of the body behind the head is the determining factor. Furthermore, the appearance of all three ocelli in some physogastric ergatogynes ("ergatoids" of Wheeler) which have worker-like alitrunks and heads and distended ovarian abdomens, suggests that the ovaries may be the most important specific loci influencing the ocelli.
THE EVOLUTION OF WORKER POLYMORPHISM
Since queen-worker cephalic continuity is seen to be widespread in polymorphic ants, the possibility is now presented that the diffrences in proportion between the worker and queen may be a measure of the potential allometry of the worker caste, even in essentially monomorphic species.
Three important pieces of evidence support this. The queen-worker cephalic difference, involving typically an expansion of the head and particularly of the occipital lobes, is a character found throughout nearly every major taxonomic group of ants. If the queen head shape is truly consistent with the worker allometry, as the evidence above seems to indicate, this means that the great majority of genera possess latent cephalic allometry to some degree. It follows that internidal allometric variation would result from the acquisition of genetic internidal size differences, and intranidal allometric variation (worker polymorphism) would result from the increase of the normal phenotypic size variability which is based on the limited genotype possessed by a single average colony. This is an extremely significant concept, because it could explain why and how worker polymorphism appears in so many groups of ants independently, and nearly always follows the same trends in each.
From species to species through the Formicidae the worker caste shows nearly every conceivable step in a transition from complete monomorphism to complete dimorphism. The major stages into which this transition can be divided have been denned previously. The succession of these stages and their potentiality for reversal as understood at the present time are represented hi Fig. 10 Chen (1937) , and Lee (1938) on Camponotus and by Doflein (1920) (Bernard, 1951) . Perhaps the most extraordinary specialization of this type is seen in the dimorphic species of Paracryptocerus and Camponotus (Colobopsis, etc.) , the majors of which have shield-or plug-shaped heads used in blocking the nest entrances against invaders (see, e.g., Kempf, 1952 
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